The differential diagnosis of adrenocortical carcinoma from adrenocortical adenoma is based on different pathological parameters, usually incorporated in scoring systems, which unfortunately lack a 100% sensitivity and specificity. Little is known on the molecular mechanisms leading to the malignant phenotype in adrenocortical tumors. Among other molecules, metalloproteinases were demonstrated to be implicated in malignant progression and metastatization of solid tumors, including endocrine ones. Therefore, we aimed to investigate metalloproteinases and their inhibitors expression in a series of 50 adrenocortical carcinomas and 50 control adrenocortical adenomas, diagnosed according to the Weiss histological criteria. Immunohistochemical results were scored by semiquantitative analysis and compared with clinicopathological parameters and outcome. Metalloproteinase type 2 gave the most significant result, being detected in neoplastic cells in 1/50 adrenocortical adenomas (2%) and 37/50 adrenocortical carcinomas (74%) (Po0.001), with a focal (score 1, o20% of positive cells-two-thirds of cases) or diffuse (score 2, 420% of positive cells-one-third of cases) pattern. In addition, diffuse (score 2) metalloproteinase type 2 protein expression, as compared to focal or negative immunostaining, correlated with shorter survival (Po0.02) and disease-free interval (P ¼ 0.05). No correlation was found comparing metalloproteinase type 2 expression and any clinicopathological parameter. Our data indicate that metalloproteinase type 2 immunohistochemical localization in tumor cells is significantly restricted to malignant adrenocortical tumors, with high specificity but low sensitivity. In addition, a strong metalloproteinase type 2 expression in adrenocortical carcinoma was for the first time recognized as an unfavorable prognostic factor. Modern Pathology (2006Pathology ( ) 19, 1563Pathology ( -1569Pathology ( . doi:10.1038 published online 15 September 2006 Keywords: adrenal cortex; carcinoma; differential diagnosis; immunohistochemistry; MMP-2 Adrenocortical carcinoma is a rare tumor of the adrenal cortex, which accounts for no more than 0.2% of all malignancies. Its incidence is approximately one per million with females affected more frequently than males. Two peaks of incidence are observed in early childhood and adults over age of 60 years. Up to two-thirds of cases have distant metastases at the time of diagnosis and the mortality exceeds 90% with a mean survival of less than 30 months.
Adrenocortical carcinoma is a rare tumor of the adrenal cortex, which accounts for no more than 0.2% of all malignancies. Its incidence is approximately one per million with females affected more frequently than males. Two peaks of incidence are observed in early childhood and adults over age of 60 years. Up to two-thirds of cases have distant metastases at the time of diagnosis and the mortality exceeds 90% with a mean survival of less than 30 months. [1] [2] [3] The differential diagnosis of carcinomas from adenomas has been classically based on several pathological and clinical parameters: indeed, taken alone, none of these is indicative of malignancy (with the possible exception of clear-cut vascular invasion and atypical mitoses), but the combination of some of them may lead to a correct diagnosis of carcinoma. Different scoring systems for adrenocortical carcinoma have been proposed, based on statistical evidence of malignant behavior in tumors reaching a given threshold of histomorphological parameter expression. 2, [4] [5] [6] Unfortunately, such scoring systems are sophisticated, time consuming, difficult to apply and not easily reproducible. 1, 7, 8 In addition, although the majority of adrenocortical carcinomas are associated with typical features of malignancy such as necrosis, hemorrhage, vascular invasion, high mitotic count and do not really require a numerical scoring of the various parameters for a final diagnosis of cancer, there are several other cases in which the distinction from their benign counterparts is not straightforward. These cases are a challenge for the pathologist, as the therapeutic strategy in adrenocortical carcinomas is radically different from that of adenomas and an accurate diagnosis is mandatory.
To this purpose, the classical scoring systems have been improved and revisited, with the aim of providing an easier system of evaluation, 1 and the individual importance and the diagnostic impact of the various parameters classically considered was re-assessed. 9 Finally, another approach was to combine the morphological analysis with the identification of markers of malignancy. Among these, ploidy, 10 cytogenetic or oncogene analysis of p16 and p53 were proposed as differential markers of adenomas from carcinomas. 11, 12 The proliferative activity was also considered useful to discriminate adenomas from carcinomas, with a cutoff of Ki-67 index varying from 2.5 to 4%, according to the different authors. 1, 13, 14 Other less common markers tested in adrenocortical carcinoma include insulin growth factors (IGF-1 and IGF-2), vascular endothelial growth factor (VEGF), gelatinase, membrane type-1 matrix metalloproteinase (MMP) and others. [15] [16] [17] Among these, by in situ hybridization, gelatinase A (MMP type 2 (MMP-2)) mRNA was found to be overexpressed in stromal cells (but not in tumor cells) of 13/16 adrenocortical carcinomas and in only one of 14 adenomas. 16 Conversely, serum levels of this molecule were not significantly different in the two tumor types (whereas VEGF and MMP-3 were significantly higher in adrenocortical carcinoma patients) according to another study. 17 In order to clarify the presence and possible diagnostic implications of MMPs and their inhibitors in adrenocortical tumors, an immunohistochemical study was designed in a large series of 50 adrenocortical carcinomas and in a control group of 50 adrenocortical adenomas. We here show a peculiar MMP-2 protein expression in malignant adrenocortical tumors, which may be a useful adjunct for the diagnosis of adrenocortical carcinoma, and may also bear adverse prognostic significance.
Materials and methods

Tumor Samples Selection
Fifty cases with a diagnosis of adrenocortical carcinomas were collected from the clinical databases of the Divisions of Oncology and Endocrinology at San Luigi Hospital, University of Turin, that serves as referral center for this rare neoplasm. For all patients, pathological material, including original histological slides and paraffin blocks, were retrieved from the files of the Pathology Departments of the University of Turin at Molinette (26 cases) and San Luigi Hospitals (24 cases, including 16 consultation cases, operated elsewhere). From the same institutions, a control group of 50 adrenocortical adenomas operated in the same period was also collected. A thorough histopathological review of all cases, including re-assessment of the commonly used Weiss system, was performed independently by three of us (MV, EB, MP). For comparison, all cases were also scored using the Weiss modified (according to Aubert et al 1 ) and Van Slooten scoring systems. For all cases, complete follow-up information were available for survival analysis. The main clinicopathological features of the two groups are reported in Table 1 . The study was approved by the Institutional Review Board of the hospital.
Methods
Serial 5-mm-thick paraffin sections were collected onto charged slides and processed by immunohistochemistry in a pilot series of 10 cases of Detailed working conditions for all antibodies used in the study are reported in Table 2 . Immunoreactions were revealed by a biotin-free dextran-chain detection system (Envision, Dako), and developed using diaminobenzidine as the chromogen. The specificity of the antibodies was validated in parallel negative control sections by omitting the primary antibodies for each immunohistochemical run. For all markers, the immune reaction was assessed by a semiquantitative score according to the percentage of positive tumor cells (score 0-2: 0%, less than or equal to 20% and more than 20%, respectively).
Significant preliminary results were obtained for MMP-2 only; therefore, the immunohistochemical profile was assessed in the whole series of 100 cases for that marker, only.
Statistical Analysis
All data were analyzed with STATISTICA for Windows software version 6.1 (Stat Soft, Italy). A level of Po0.05 was considered statistically significant. The differential expression of the markers in the carcinoma and adenoma groups, as well as correlation between MMP-2 expression and clinicopathological parameters, was estimated by chisquare test, chi-square for trend and Kruskal-Wallis analysis of variance for non-parametric data, when indicated. Univariate survival analysis was based on the Kaplan-Meier product limit estimate of overall survival distribution. Unadjusted differences between survival curves were tested using the log-rank test.
Results
The preliminary immunohistochemical results in the pilot series of 20 adrenal tumors identified the selective presence of MMP-2 immunostaining in adrenocortical carcinoma. All other markers tested were either completely negative in both adenomas and carcinomas, as for cathepsin K, or heterogeneously expressed in both groups (as well as in peritumoral adrenal cortex), as for VEGF, TIMP-1 and 2 and MMP-9. Based on these findings, we analyzed the MMP-2 expression profile in all 50 adrenocortical carcinomas and 50 benign control adrenocortical adenoma samples, finding a strong correlation between MMP-2 protein expression in tumor cells and malignant phenotype in adrenocortical tumors. MMP-2 protein was detected in the neoplastic cells of 37/50 carcinomas (74%), either focally (score 1, less than or equal to 20% of tumor cells) in 26 cases (approximately two-thirds of positive cases), or diffusely (score 2, more than 20% of tumor cells) in 11 cases (one-third of positive cases). The immunohistochemical signal had a moderate to strong intensity and was diffuse in the cytoplasm of tumor cells (Figure 1) . In contrast, all but one case of adrenocortical adenoma were unreactive (as compared to carcinomas, Po0.001, chi-square 51.995). Interestingly, the single MMP-2-positive adenoma, which presented a focal reactivity in scattered tumor cells (score 1), was classified as benign based on a Weiss score 2, but had a Van Slooten score of 9.8 (ie in the range of malignancy) and borderline clinicopathological parameters including suspected venous invasion with predominant eosinophilic cells, and a borderline mitotic index (four mitoses Â 50 high power fields), as well as a large size (8 cm) and a weight of 135 g. 
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In two cases, tissue from the primary carcinomas and the corresponding lung metastases were available for comparison: a partially similar MMP-2 immunohistochemical pattern was observed, with an increased expression (from score 1 to score 2) in the lung sample of one case.
Concerning non-neoplastic cells, constitutive MMP-2 expression was found in vascular endothelia of both surrounding normal adrenal tissue and the intra-tumoral vascular network (Figure 1d) , and, to a minor extent, in elongated stromal cells of the capsule of both benign and malignant tumors.
No correlation between MMP-2 immunohistochemical expression and any clinicopathological parameter tested (sex, age, size, weight, hormonal secretion, Weiss score and each individual criteria, Van Slooten score) could be determined. Interestingly, MMP-2 protein expression was detected in five of the seven adrenocortical carcinoma cases with a size smaller than 5 cm, which may represent a particular problem for the differential diagnosis with adrenocortical adenoma. In the same way, the 13 MMP-2-negative cases lacked peculiar pathological features.
Conversely, a statistically significant prognostic role of MMP-2 expression in adrenocortical carcinomas was identified. Strong MMP-2 protein expression (score 2), as opposed to negative or focal (score 1) MMP-2 expression, had a significant impact on poor outcome, in terms of both overall survival (Po0.02), and shorter disease-free interval (P ¼ 0.05). A median overall survival of 74.8 months (range 2-346 months) was observed for all cases, and of 31 months (range 3.3-97.4 months) in cases with score 2 MMP-2 immunoreactivity, whereas was not reached for cases with absent or score 1 MMP-2 immunoreactivity (Figure 2) .
Discussion
In the present study, a useful diagnostic role of MMP-2 immunohistochemical analysis in the identification of malignant adrenocortical tumors was observed, MMP-2 protein expression being restricted to neoplastic cells in a high percentage of carcinoma cases. This is a valid adjunct to the histological diagnosis of adrenocortical carcinoma, which is based on the recognition of morphological characteristics related to malignancy, either considered alone or combined in scoring systems. Although most cases of adrenocortical carcinomas may present unequivocal features of malignancy, some cases may show questionable carcinoma features, and their correct histopathological definition may be problematic.
Our interest in MMPs as indicators of malignant phenotype in adrenocortical tumors, stemmed from the fact that MMPs are a family of endopeptidases capable of degrading all components of the extracellular matrix, which play a pivotal role in morphogenesis, physiological and pathological conditions. 18 Such family consists of at least 18 structurally related members classified according to their primary structure and substrate specificity, which possess a proteolytic domain, whose activity is selectively inhibited by specific ubiquitarious tissue inhibitors (TIMPs). The role of MMPs, and MMP-2 in adrenocortical carcinoma M Volante et al particularly of gelatinases (MMP-2 and MMP-9), in neoplastic progression has been postulated on the base of in vitro and in vivo effects on degrading basement membrane and extracellular matrix and by promoting tumor growth. 19, 20 Numerous studies in a variety of solid tumors, including lung, colon, pancreas and breast cancers, demonstrated a production of MMP by neoplastic cells and correlated their presence with poor clinical outcome. [21] [22] [23] [24] [25] [26] [27] [28] In endocrine tumors, MMP-2 has been investigated mostly in pituitary 29 and thyroid 30 tumors. A report 16 on MMP-2 (gelatinase A) expression in adrenocortical tumors, as detected by in situ hybridization, claimed the presence of RNA transcripts in peritumoral stromal cells in malignant tumors as compared to benign lesions. In contrast, no evidence of MMP-2 expression in neoplastic cells was reported. The presence of MMP-2 expression in stromal cells, including fibroblasts, inflammatory cells and vascular endothelia, has been well documented 31 even in our present experience, and supports the findings from Kjellman et al. 16 However, in our study MMP-2 protein was also specifically detected in neoplastic cells of malignant lesions, but not of adenomas (which expressed MMP-2 in the vascular network only). In a pilot study using real-time PCR, we found, among several other molecules investigated, MMP-2 mRNA expression being 20 times higher in a case of adrenocortical carcinoma as compared to a case of adrenocortical adenoma (data not shown); however, as such highly sensitive method is not able to localize the specific target transcripts, and nonneoplastic sources of MMP-2 (such as blood vessels) are widely represented also in normal and benign adrenal tissue, an immunohistochemical approach was preferred.
As opposed to MMP-2, other members of MMPs family, such as the other gelatinase MMP-9, or their inhibitors (TIMP-1 and 2), as well as other angiogenetic (VEGF) or enzymatic (cathepsin K) factors failed to show a specific distribution pattern among adrenocortical lesions, therefore restricting to MMP-2 the diagnostic role as a marker of malignancy in adrenocortical carcinomas.
Interestingly, MMP-2 expression in adrenocortical carcinoma was not related to the Weiss score number of individual tumors. In other terms, MMP-2 protein expression was not limited to high Weiss score clear-cut carcinomas, but may also be a useful adjunct (with a low sensitivity of 74%, but a very high specificity of 98%) to support a diagnosis of carcinoma in those lesions with a Weiss score just above the cutoff level and in the lower range of malignancy, which generally cause the most relevant diagnostic difficulties. In contrast, the presence of a focal pattern (less than or equal to 20% of positive tumor cells) in the majority of the positive malignant cases could limit the applicability of MMP-2 as a diagnostic marker in core biopsies of adrenal masses.
Moreover, as MMP-2 functions are related to extracellular matrix degradation, a selective association of MMP-2 expression with specific pathological features (ie necrosis and/or vascular invasion) could be expected; however, none of the parameters included in the Weiss scoring system individually correlated to MMP-2 protein expression in the statistical analysis.
Apart from its diagnostic utility, strong (score 2) MMP-2 immunohistochemical expression was related to a more aggressive behavior in terms of outcome and disease-free interval, and may therefore be considered a predictive factor of unfavorable clinical evolution of adrenocortical carcinoma, for which definite histopathological prognostic factors have not been fully established. 7 Moreover, although in vivo models are necessary to clarify the molecular regulation of MMP-2 in adrenocortical carcinoma, a potential clinical implication of MMP-2 protein distribution analysis in adrenocortical tumor cells is represented by the very recent characterization of specific peptide or nonpeptide MMP inhibitors, which may be used in radioimaging techniques, 32 as well as therapeutic agents. 19 In conclusion, we have shown that MMP-2 immunohistochemical staining is an easy and helpful tool to confirm the diagnosis of adrenal carcinoma, with a low sensitivity but a very high specificity. Classical methods based on a combination of morphological parameters assessed in a scoring system may gain benefit from the addition and/or replacement of immunohistochemical markers in the scoring. In this respect, the combined use of MMP-2 in a panel of morphological and other immunohistochemical (ie Ki-67) markers may further increase the accuracy of the diagnosis of adrenocortical carcinoma. In addition, as no clinical or pathological parameter is to date predictive of the clinical evolution in malignant adrenocortical lesions, MMP-2 protein expression may help to segregate those cases with the worst prognosis.
